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ABSTRACT 
In the United States residential housing consumes a disproportionate share of the world's 
energy resources. Through a recommended reduction in the size of a dwelling to 400 square feet per 
person, and environmentally informed design decisions, architects and clients have an important 
opportunity to decrease energy consumption. This project works through calculations based on the 
proposed dwelling size and generates a quota of 70 million BTUs of embodied energy for construction 
and 5 million BTUs of annual ongoing energy usage. The illustrations were generated using a 
materials and assemblies database, available in the Appendix, that was compiled from various 
resources. The proposal includes a recommendation for a more comprehensive data base and 
accurate estimating tools such as are described and illustrated. Through the use of these tools and 
suggestions in the scenarios for decreasing energy usage, designers can decrease the energy 
needed to build and maintain dwellings. The result should be a more ecologically responsive dwelling 
module that is attainable and satisfying for residents. 
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INTRODUCTION 
While there is much talk in the architectural press and even in the public media, there is no 
one measure that will accommodate all of the diverse needs of sustainability and green architecture. 
There are a variety of measures that can produce conflicting information - a condition that leads to 
personal value judgments controlling the outcome. 
Everyone is aware of housing issues. We all need a place to live whether it is a small 
sleeping area that we share with others in a homeless shelter or a large private home on a piece of 
property in the suburbs. I began with the premise that we all have housing needs that could be met in 
an energy-efficient and environmentally-conscious way. More complete information on the energy 
costs and the environmental effects of design decisions could diminish the thoughtless excesses that 
are a reality of the contemporary world. Increased information could change the perspective from 
American values of individual rights to one of a more responsible global outlook. What are our needs 
really? And what should be used as the basis for our decisions? 
The biggest problems facing sustainable architecture today are those issues that deal with 
consumption of energy and emissions of greenhouse gases. We need to be able to design and 
create a dwelling unit that is economical in terms of the energy used to manufacture the building 
materials, transport the materials to the site, assemble the dwelling unit, and comfortably heat, cool 
and light the interior. 
The proposal herein may spark controversy in that it is based on a much smaller dwelling 
module than most Americans are accustomed to and that the economics of the issue are not 
discussed in a traditional manner. What it boils down to is that energy can and does control housing 
choices whether the system is based on energy values or the dollar cost associated with the energy. 
With this proposal there are baseline values set down that inform what can be built and 
maintained. These values are meant to create opportunities for the designer to explore ways in which 
he or she can maximize the dwelling unit's qualities to meet the client's needs. 
While the logical result may be a regionalism of some sort, I would like to leave the option 
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open for the designer or client to opt for less green materials but with a better knowledge of 
environmental costs. My intention is not to have one singular outcome for a given region or area of 
the country but a more limited material palette would be a logical result of this analysis. Since choice 
is built into the proposed system there would be a range of options possible within a given location. 
The caveat to all of this is that these more costly choices would result in a reduction in another aspect 
of the building: i.e. quantity of materials, possible size of space, or perhaps even ongoing energy use. 
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A REVIEW OF THE LITERATURE 
There are many issues that needed to be explored to provide a grounding for the development of the 
proposed energy-based budget. This exploration included issues of sustainability and green 
architecture as well as the associated energy and consumption issues. In addition to these 
consideration needed to be given to livability issues through the exploration of the housing and space 
needs for an individual as well as the values or meanings that people attribute to materials. The 
investigation also needed to include research into currently available resources to determine what 
supporting data or information was available. 
Sustainability and Green Architecture 
Sustainability and green architecture came into the public eye during the fuel crisis of the 
1970's. For the most part this became a focus on designing dwellings that would not require as much 
ongoing energy through the use of solar heating and cooling methods. Today we think of 
sustainability and green architecture as a much more in depth field of study where the whole of the 
design and construction processes as well as the ongoing use and maintenance of the building are 
examined. The sources of the materials are examined for their own sustainability and renewability. 
Thought is given to the materials and how they can be used for the best purpose. This gives us a 
more complete picture of the problem but still results in an incomplete solution. 
After a study of the potential to cut fossil fuel consumption through maximizing efficiency and 
making full use of renewable energy, Jose Goldemberg of the University of Sao Paulo and a group of 
researchers concluded that the entire world population could live at roughly the level of Western 
Europeans in the mid-1970's. This allowed for modest homes that had refrigeration for food, clothes 
washers, a moderate amount of hot water, ready access to public transit, and with limited auto use 
(Durning 62). 
According to Jorge Wilheim, the organizer of Habitat II, in order to be successful, sustainable 
development needs to create opportunities for people such as jobs, work, information, and very basic 
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needs of housing and health (Matheou 18). 
Sustainability does not necessarily mean giving up everything we want and living a spartan 
life. But it does perhaps indicate that we should only use what we actually need. 
Housing Needs 
In most of the development of sustainability and green architecture the issues that have been 
addressed are only a part of the problem. While it is a very wise idea to look at the dwelling as a 
starting place that is where our solution has also gone wrong. We have not reevaluated what we 
really require to satisfy our needs for a dwelling. The traditional house has been translated into a 
green dwelling through the use of green or sustainable materials and the heating and cooling loads 
have been reduced through thicker insulation and more efficient mechanical equipment. We have not 
however examined the quantities of space we really need in a dwelling unit. 
The quantities that have been specified as allowable for dwelling units in the United States 
have been based on many calculation methods over the last 50 or more years. Some of the research 
specifies minimum values based on square footage for activity and number of people in the 
residences. The values provided by the United State Department of Housing and Urban 
Development are some of the best and most liberal in specifying the optimum values. See Table 2.1. 
The quantities based on occupancy (400 square feet for one person, 350 square feet for an 
additional person, 250 for the third, 150 for the fourth, 250 for the fifth, and 150 for the sixth) seem to 
be reasonable. Items such as food preparation, dining, and personal cleanliness, in addition to the 74 
square feet for each additional person, make up most of the increments allowed per person. 
Concerns about the variation of size and space-needs based on socio-economic class may 
be expressed. There is a belief that more affluent people have more possessions thereby requiring 
more space in the dwelling. The truth is that they have nearly the same number of basic household 
items but they have more expensive or better qualities of these goods. Research into housing 
satisfaction and housing space have shown that regardless of their income level families of the same 
size and makeup have nearly the same standards for housing space adequacy (Yockey 3). 
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Table 2.1: U.S. Department of Housing and Urban Development Space 
Recommendations iMorris and Winter "Housini" 89!-
Number of People 
Household Activity 1 2 3 4 5 6 
Sleeping and dressing 74 148 222 296 370 444 
Personal cleanliness 35 35 35 35 70 70 
and sanitation 
Food preparation and 8 76 97 97 118 118 
preservation 
Food service and 53 70 91 105 119 141 
dining 
Recreation and self- 125 164 221 286 357 383 
improvement 
Extra-familial 17 17 34 34 51 51 
association 
Housekeeping 48 91 110 127 146 149 
Care of the infant or 124 124 124 124 124 
the ill 
Circulation 20 20 35 35 45 45 
Operation of utilities 20 20 20 20 20 
Total floor space 400 750 1000 1150 1400 1550 
recommended 
While it may be hard to accept 400 square feet as the space needed for an individual, people 
in other parts of the world live in smaller dwellings. In Vancouver, for example the latest housing 
project by Canadian architect Arthur Erickson provides 275 square feet per unit (Williams 14). 
Current Consumption of Materials 
In addition to not basing our dwelling size on our actual needs we also are consuming 
materials at alarming rates. Statistics based on the United States consumption of materials in the 
late 1980s indicate that the annual per capita consumption of goods was as follows: Steel, 417 kg; 
Paper 308 kg; Cement, 284 kg (Durning 90-91 ). Further information reveals that the average 
American in the early 1990s consumed directly or indirectly 52 kg of materials a day: 18 kg of 
petroleum and coal, 13 kg of minerals, 12 kg of agricultural products, and 9 kg of forest products 
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(Durning 91 ). 
Contrasting this with daily values for those on the bottom of the economic ladder in 
developing nations per day: 1/2 kg of grain, 1 kg of fuel wood, and per year: 10 kg each of steel, 
paper and cement (Durning 91 ). Middle income people measure up with annual use of 150 kg each 
of steel and cement, and less than 50 kg of paper (Durning 92). 
While it is good to look at the daily consumption of different cultures it is also important to put 
things into perspective for the entire planet. If the world's existing population were to live to the 
standards of North Americans three times the Earth's resources would be needed (Simpson 124). 
Energy Issues / Conservation 
It could be argued that a proposal for housing based on energy factors is unnecessary and 
that changes in housing should come about naturally as a consequence of the economics related to 
the dwindling supply of fossil fuels. However, the tactic of using our dwindling energy supplies in a 
constructive way for the betterment of all should appeal to more people. 
While economists claim that the price of energy should decrease demand, a 1981 study by 
Stern and Gardner suggested that a doubling of the energy price would produce approximately a 10% 
reduction in consumer demand in the short run (Stern and Gardner 330). As we have seen just in the 
past year, energy prices have risen and demand has not appeared to ease any- perhaps the only 
part of the equation that has has changed is the decreased supply of energy as can be witnessed in 
California during the blackouts in January 2001. 
Another study found that a frequency of at least daily feedback about household energy use 
produced short term energy savings of 10%-20% of previous use (Stern and Gardner 330). A study 
by Ellis and Gaskell argued that home energy conservation needs to be motivated by conservation 
and education about how the home energy system works (Stern and Gardner 330). 
While it is important to decrease the need for ongoing energy usage in the home, it is equally 
important for the architectural profession to encourage clients to live within a reasonable distance 
from where they work. A 1970 study showed that 32.5% of the total energy used in the United States 
was used by households. Of this 47% was used for transportation, 29.2% for space heating, 7.7% for 
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water heating, 4.1% for refrigeration and freezing, 3% for lighting and 2.4% for air conditioning (Stern 
and Gardner 332). While adjustments to the thermostat and to water heater temperatures can make 
a difference in energy usage, more significant savings can be made from the beginning by properly 
insulating the home, sizing HVAC equipment properly and investing in energy-efficient equipment and 
appliances. 
Writers have hypothesized on the social changes that would occur as a result of energy 
system changes. These social changes include: 
• Residential patterns will become less dispersed. 
• There will be less personal choice in some areas (e.g., where to live and work) and less 
geographic mobility. 
• Industry will become more labor intensive. 
• Resources will be managed more often by communities than by central decision makers. 
• There will be more personal and small-group control of basic influences of social life 
(e.g., food systems, workplaces, etc.). 
• The issue of distribution of social products will become more prominent, with eventual 
equalization of distribution. 
• Values favoring material acquisition will give way to values emphasizing quality and 
durability of material goods. 
• People will increasingly reuse and recycle possessions and will come to value these 
activities. 
• People's basic values will emphasize to a greater extent the role of humanity as a part of 
a larger ecosystem and the responsibility of people to maintain its functioning. (Stern and 
Gardner 341) 
During the past 50 years environmental slogans have been the main educational tool that 
drove the attitudes towards eliminating pollution and encouraging recycling. Examples of these are 
slogans such as the 1950s "Keep America Beautiful" and the 1970s introduction of Woodsy Owl's 
"Give a Hoot! Don't Pollute!" While these did accomplish some beautification to the landscape from 
the decrease in trash on the roadsides and in our parks they did not really address the environmental 
issues of ultimately reducing consumption. 
Later during the 1980s "Reduce, Reuse, Recycle" slogan was closer to where we should be 
environmentally. These should be taken as a priority list with the most important being first to reduce 
our consumption. We need to work to decrease our overall energy usage. 
Then in the 1990s ''Think Globally, Act Locally'' became the banner for environmentalists. 
This statement is concise and to the point of sustainability also. While we need to address the global 
issues we also need to take care of the local issues. And when people can focus on the local scale of 
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things and the impact of actions upon the local environment we are more likely to act responsibly. 
Wendel Berry in an address stated: 
Our understandable wish to preserve the planet must somehow be reduced to the scale [of] 
our competence - that is to the wish to preserve all of its humble households and 
neighborhoods. (Jones 58-9) 
Several other phenomena undermine the goal of energy efficiency and reductions in energy 
usage. Economists refer to a market imperfection that leaves purchase decisions for appliances and 
equipment in rental units to economically driven landlords versus the actual resident or user who will 
most likely be more interested in lowering the cost of operation which usually is a direct result of lower 
energy consumption (Kempton, Darley and Stern 1215). 
Environmental Impact 
The energy used in producing materials is just one of the impacts on the environment. To 
assess materials in terms on environmental impact, the following need to be considered: 
• the impact on the global environment (greenhouse gas emissions such as CO2, SO2, NOx) 
• the impact on the local environment through 'winning' the material, mining, and felling 
• the impact on the local or global environment resulting from processing the materials 
• the embodied energy content, the energy consumed by winning, transporting, processing 
• the health hazards associated with processing, fabricating or preserving materials 
• the life expectancy of the material and its potential for re-use or recycling in the future 
(Turrent 37) 
In addition to the direct energy concerns with the usage of fossil fuels is the emission of 
gases contributing to the depletion of the planet's ozone layer through the process known as the 
"greenhouse effecr. The main areas of concern are particulates and carbon monoxide (CO) which 
are primarily local air pollutants, sodium dioxide (SO2) and nitrous oxide (NOx) which can cause urban 
and regional effects as an air pollutant and are also precursors to acid rain, and carbon dioxide (CO2) 
which contributes to the greenhouse effect (Cole and David 25-6). During the 1980s the distribution 
of these gases that were attributable to human causes was carbon dioxide 55%, chlorofluorocarbons 
25%, methane 11%, and nitrous oxide 6% (Stern "Psychological" 274). 
This has a direct relationship to the building materials that have high embodied energy 
content. Portland Cement, one of the major components of concrete, has an embodied energy of 
4,802,000 Btus per ton of material. During the production of one ton of Portland Cement from 1 to 
9 
1.25 tons of CO2 are released (American Institute of Architects 446). 
Some sources and materials also have the ability to store or absorb greenhouse gases. 
Trees, the source for wood products, store CO2 as they grow. During the lifetime of the wood product 
the CO2 remains relatively intact. When the wood eventually rots or is burned the CO2 is released 
again. Research has shown that over time cured concrete will reabsorb CO2 with the possibility of 
100 pounds of concrete absorbing as much as 20 pounds over several years depending on various 
factors (American Institute of Architects 447). 
Portland cement makes up about 10% of the final concrete mixture (American Institute of 
Architects 439). Therefore a ton of finished concrete would contain about 200 pounds of Portland 
cement which would have released 200 to 250 pounds of CO. Continuing to the final product a ton of 
concrete would be able to reabsorb up to 400 pounds of carbon dioxide. While this does not take into 
account the emissions that come from the other 90% of the ingredients, Portland cement is one of the 
largest contributors to emissions. This would indicate that the impact of the emissions released from 
concrete cannot be fairly evaluated by looking only at the emissions resulting from its production. If 
the durability of the material is evaluated concrete looks even better. 
Educated choices are the answer when it comes to environmental behavior. One of the 
attempts of this research and proposal is to tie the knowledge and studies together to educate 
architects and clients about the problems and opportunities that exist. One study showed that 
motivating environmentally responsive behavior could take place through increasing the knowledge of 
the monetary costs of different behaviors, decreasing the perceived difficulty of the behavior, or 
increasing the person's perceived knowledge or skill in performing the behavior (Stern "Psychological" 
283). In addition to these the knowledge about which actions could result in the greatest savings also 
affected the outcomes. 
There is also disbelief in a certain number of individuals. These people may be unwilling to make the 
changes needed if they feel that it will do little good or if they do not believe that others will be making 
the same sacrifice (Stern "What" 150). For people to make the changes in the interest of the future 
they must somehow be made to do what is in the collective interest (Stern 'What'' 152). 
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Material Meaning / Value 
Materials carry different symbolic meanings for different people. Choices of materials for a 
dwelling can represent cultural heritage or can be used as a way to project a certain image. Since 
dwellings are ideally long-term possessions it is important that issues of value and representation be 
considered. 
A 1993 study by Sadalla and Sheets indicated that people are capable of making inferences 
about a homeowner by using cues present in the building facade and that there is consensus on 
these associations. Subjects were able to attribute personality characteristics to building materials in 
a non-random way. Five of the six evaluated materials, brick, concrete block, weathered wood, 
flagstone, and wood shingles, were attributed profiles similar to those of people whose homes were 
built from them. 
The important item to note here is that the study did make high correlations of the factors 
when the homeowner was perceived as having chosen the materials for the dwelling. When the 
residents were assigned to the dwelling the social identity was not affected by the materials (Sadalla 
and Sheets 177). 
Current Technical Resources 
There are several resources available today to aid in the evaluation of materials and 
suppliers. These include the Environmental Resource Guide (ERG) published by the American 
Institute of Architects and the Green Building Resource Guide. 
The Environmental Resource Guide (ERG) provides information about materials and the 
manufacturing process involved in their production. It is available on a CD-rom or in a hardcopy 
format. It contains useful information such as the values for the embodied energy contained in 
building materials and some information about how to reduce the impact of using the products. 
Additional information about some of the emissions and pollutants is also included. 
One of the main problems with the information provided is that it is inconsistent in the 
inclusion/exclusion of transportation in the embodied energy factors. In some cases, the data 
includes an allowance for transportation, in others none is included. It also does not include specific 
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information on suppliers and producers. 
Another of the key pieces of information available currently in the ERG is the presence of 
emissions that result from the mining, refining and manufacturing of the materials. The quantities are 
not always provided other than through a mention that almost all petroleum-based processing will 
produce emissions. While there are currently limitations on emissions allowed from manufacturing 
industries restrictions do still allow emissions. 
On the other end of the scale is the Green Building Resource Guide which is a directory of 
products that are considered "green". The information is listed by material group and then by the 
individual suppliers of each product. The objective is to inform the practitioner of the best green 
products at the time and the suppliers of each. 
Upon examination there is a misleading or missing factor in the information supplied by this 
resource. The listings are based on the supplier which is often at a different location than the 
producer. For instance one product listed with a supplier in the mid-west is for a tropical hardwood 
from Central America. To include the transportation energy cost one really needs to get to the 
location where the products, and in some cases the pieces or raw materials of the products, are 
actually produced. 
There is software available called Building for Environmental and Economic Sustainability 
(BEES) that allows the user to do a comparison of materials. BEES will balance the environmental 
and economic performance of a small group of building products and return a comparative 
performance rating. One of the key ideas for this is that it is looking at specific materials and at this 
time the database of materials is quite low. 
A problem that I see with BEES is that it is using economic performance as one of the main 
comparisons between the products. While this can be weighted in the evaluation it does imply that 
when materials are being evaluated the economical price could override the environmental impact. 
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DEFINING THE QUOTA 
The Crux of the Issue 
The housing industry is currently operating without a true set of guidelines that will sustain the 
planet as well as the industry itself. Dwelling units are being designed with little or no ecological 
limitation on the resources that are used during construction. There are current guidelines for energy 
efficiency but these are based on things such as square footage and volume of the spaces built. This 
only adds to the problem in that the owners of larger than average-sized units are not limited in any 
way, except economically, for their greater usage of energy resources. 
The main premise of the outlined approach to the problem is that the ecological system is the 
true limitation to the ability to sustain life on the planet. By stating this limitation, the housing industry 
must ultimately become responsible for its actions and improve both the new and existing housing 
stock. My proposal is that the set of guidelines provided herein can be used to move toward universal 
sustainable housing. 
The system that I propose is made up of a set of indices and a range of acceptable values for 
these. In order for this design system to be based upon ecologically available resources, an 
amortization of resources would need to be performed at the outset and again at significant points in 
the future to ensure that the projections for ecological systems were not being impacted more 
adversely than expected. If the systems are found to be adversely affected then adjustments must be 
made to the design system at that time. 
Architects, builders, and clients - in fact all parties involved in designing and building dwelling 
units - would make choices while operating with the information provided by the design system. The 
intent of the design system is not to dictate what can be built based on square footage, cost, or local 
resources, but on knowledge of energy consumption. 
I did not set out to encourage a regional architecture. However, it is a logical and potentially 
meaningful outcome of the system. If a person values certain materials over others, they should still 
be aware of the ecological choices involved in using the material. The resulting dwelling may be of a 
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smaller size or may be allowed a smaller ongoing energy usage budget. The energy-based system is 
meant to be flexible while remaining rigid within the ecological/energy guidelines set out. 
Choice is meant to play an important factor within the design of the individual dwelling 
modules. At the outset of a program such as the one proposed choices will probably play a larger 
role in the process. Over time it can be expected that due to market factors such as actual price and 
ultimately availability of the materials in a selected location will restrict the material palette available to 
the designer and the client. 
While I have developed the indices based on my own research, the data that supports them 
is provided by other sources. The accuracy of the data may be questioned since they are a picture at 
a point in time. When things change, for the better or the worse, new data must be incorporated into 
this model to maintain the integrity of the decisions that are made based on the system. 
Estimating the energy needs of a standardized dwelling becomes an exercise in 
experimentation and calculation. 
The Indices 
The indices that I propose at this time are as follows: 
• The ecological index 
• The embodied energy index 
• The ongoing energy usage index 
• The transportation index 
• The maintenance index 
• The disposal and replacement index 
I believe that the word index is appropriate in describing each of these factors. I began with 
the word "impact" but decided that was not descriptive of what these factors are intended to 
represent. The numbers should serve as indicators or indices of the relative impacts of the 
combination of the materials in a dwelling unit. Each of the indicators would act independently of the 
others. Those that should work in concert with each other would be the embodied energy index, the 
transportation index, and the ongoing energy usage index since they are all energy related. 
At this point I will be describing the indices themselves and not how they will be measured or 
used by the architect or client. While the indices are meant to be calculated for the whole dwelling 
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unit the sources provide the information on a product by product basis. In the following discussion the 
source of the information contributing to each of the indices is presented. 
The ecological index would be a measure of the greenhouse gases that are produced and 
the ecological damage that occurs as a result of procuring the raw materials and their processing into 
usable building materials. Values for the greenhouse gases due to some materials are available in 
the Environmental Resource Guide. These factors would include carbon monoxide, carbon dioxide, 
nitrous oxide, sodium dioxide and volatile organic compounds. For a discussion of the environmental 
impact of these see the Environmental Impact section of the Review of the Literature chapter above. 
A description of the ecological damage occurring in the production also appears in the ERG. 
This would be expressed as an amount per weight, volume, or unit of material where possible or as 
an indicator of impact where exact amounts are not known at this time. 
When using the amounts there may need to be an examination and weighting based on what 
the relative importance of the factors. I also believe that it may be important to include the possibility 
of the materials being a store for greenhouse gases in that this would make it beneficial to have the 
materials placed in a building to retain gases that may be potentially harmful to the atmosphere. 
Examples of these would be wood products and possibly concrete as discussed in the Environmental 
Impact section of the Review of the Literature chapter above. 
The embodied energy index would be based on the embodied energy within the materials. 
Information on selected materials is available within the Environmental Resource Guide. Other 
resources would be used as necessary to document different materials. As new products were put 
into use they would also need to be documented. This would be expressed as an amount per weight, 
volume, or unit of material. 
From time to time this information would be updated as newer processes become available. 
One would hope to see a decrease in the embodied energy in materials as more efficient processes 
are developed. Another possible way to decrease the embodied energy in the material would be by 
switching the energy source to one that is more renewable, such as solar- or wind-powered 
generators. The main problem with embodied energy at this time is when non-renewable energy is 
added to the material during production. 
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If the process becomes more efficient or uses a "better" source of energy it would be 
important to reflect that in the numbers as a way of rewarding manufacturers for their developments 
thereby increasing possible usage of their material. This also indicates that each product will need to 
have its own unique embodied energy index at some point in time. The numbers that are provided 
today are for "steel" and basic material groups. If manufacturers were producing products with 
significantly different embodied energy numbers this should be delimited. This would hopefully cause 
the producer of the material with the higher embodied energy to become more competitive and 
decrease the embodied energy in its products - either in advance of the need or as a reaction to the 
market once the product use has decreased due to its embodied energy content. 
The ongoing energy usage index would be a proposed level of energy consumption 
throughout the lifetime of the building. This can be estimated today using British Thermal Units 
(BTUs). The goal of this index would be that the energy usage would be decreased or restricted 
throughout the building's use. This should include a relationship to the initial energy allotment (in 
combination with the embodied energy index and the transportation index). 
This index would be an outcome of the design process but also would cause additional 
iterations of the design process to comply within the ongoing energy usage requirement. It would be 
a limiting factor taken in combination with the energy resource factors. Each factor could be met 
independently of the other but the system would require that all elements be satisfied before a design 
could be finalized. 
The embodied energy and the ongoing energy usage indices need to be considered together. 
Allowable adjustments in one may allow a change in the other while not exceeding the total energy 
budget. If an individual chose to adjust the embodied energy allotment downward this could result in 
a slight increase in ongoing energy usage. Conversely, the preferred method would be a slight 
adjustment upward of the embodied energy allotment to offset a smaller ongoing energy usage 
allotment. 
The transportation index is a measure of the energy used in bringing the material from the 
producer to the building site. This would include all the energy used to get it from the producer to the 
building site regardless of how many intermediate steps it has gone through. This would be 
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expressed as a value per ton of material. 
This is one of the indices that may be a little bit harder to get a handle on at this point in time 
without researching specific products. Even then the possibility remains for some error. There is an 
assumption here that the embodied energy index above would account for any transportation energy 
to get the raw materials to the factory and for all energy related to the production up to the time that 
the material or product leaves the factory or producer. The transportation index is only a measure of 
the energy used based on the distance from the producer to the supplier to the building site. Any 
movement in the materials would be measured here. 
An extreme case could be used to illustrate how this becomes significant. A few years ago 
while living in Waverly, Iowa, I received a set of baking dishes manufactured in Waterloo, Iowa, a 
town about 30 miles from there. The baking dishes were a gift that I received in Jamaica, Iowa, 
approximately 165 miles from Waverly. They gift had been ordered and shipped from a firm in 
Florida. The dishes had literally traveled halfway across the country twice to travel the 30 miles to 
where they would ultimately be used. I am sure that similar situations happen with building materials 
all the time. 
This index may have to apply to each individual product or producer. I believe that the energy 
used in transporting the materials should be an accurate reflection of the mode of transportation 
used. Less energy would probably be consumed in shipping by rail than trucking and by shipping in 
larger volumes. 
Since this index is also made up of energy usage it could be included as part of the embodied 
energy portion of the formula for convenience sake. However, for the system to be robust enough to 
handle different geographic locations the information should be maintained and analyzed as a 
separate part of the whole. The further a material is transported from where it is produced, the higher 
the ecological and energy cost becomes. This energy is also spent or lost in the building process. 
The true intent of embodied energy is to quantify the energy that may be recaptured when a building 
is eventually torn down and the materials recycled. The energy used in transportation would not be 
able to be recaptured; the only advantage to having transported the material at that point in time is if 
the material could be used in close proximity to where it was harvested from the old building. This will 
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be discussed in more detail later. 
One of the difficulties that I foresee in quantifying this number is that some of the values that 
are available for the embodied energy of materials, such as steel, already include an estimation of a 
cost of transportation to the building site. While this is helpful as a general guideline, to truly base the 
values on a specific location the energy used in transportation should be considered separately. 
The maintenance index should be dependent on the building site and climate. It is meant to 
indicate such things as whether the material needs to be finished, painted, cleaned, and/or tuck-
pointed. This becomes important in determining a realistic impact of the material usage on the 
environment. If a green material needs to be treated with poisons or toxins that create later disposal 
or reuse problems, they are not as green as they appear. A source for this would be the 
Environmental Resource Guide and the individual manufacturers. 
The disposal and replacement index would also be dependent on the building site and 
climate. It will include an assessment of how long the material is expected to last before needing 
replacement. This could also take into account the recyclability of the material, perhaps resulting in a 
negative value. Even the greenest materials that are replaced several times can be non-green from 
the perspective of accumulated energy used. Sources for this would include the Environmental 
Resource Guide as well as local experience. 
The maintenance index and the disposal and replacement index are both meant to be 
measures of the ongoing sustainability of the materials. 
Description of the Data and the Tools 
The energy-based program that I am proposing has two major assessment tools that would 
be used at different times: within the initial phases of the design process and then again before 
construction would begin. The first, the Design Estimating Tool, would be used by the designer in the 
initial design phase to estimate the amounts of materials allowed based on the material palette 
selected. The other, the PreConstruction Verification Tool, would be used after the design was 
completed and would assess if the energy goals were fulfilled in the final design when considering all 
the energy factors: embodied energy, ongoing energy usage, transportation costs. The supporting 
18 
database for these tools would be the Materials and Assemblies Database which would be loaded 
with information about specific materials, the corresponding embodied energy values, and emissions 
characteristics. 
The Materials and Assemblies Database 
The Materials and Assemblies Database would be made up with all of the known information 
about materials and also about common composite assemblies. A material is defined as a discrete 
building item such as an individual unit of lumber or steel. An assembly would be a composite of 
materials like a commonly used 4-foot by 8-foot section of a 2x4 wood stud wall or a purchased item 
such as a manufactured window. 
This data would include information that is currently available on the CD-rom or in hardcopy 
form in such resources as the Environmental Resource Guide and the Green Building Resource 
Guide. While some of this information is available today it is in a textual format that is fragmented 
and not standardized across the different materials. 
The Environmental Resource Guide (ERG) does provide values for the embodied energy 
contained in building materials, vague information about the emissions and pollutants produced in 
manufacture and disposal, and some information about how to reduce the impact of using the 
products. The ERG does not, however, address the energy used in the transportation of the 
materials from the producer to the site on a consistent basis. In some cases, the data includes an 
allowance for transportation, in others none is included. It also does not include specific information 
on suppliers and producers. 
To use these environmental factors in the energy analysis of building a dwelling it would be 
desirable for these factors to be translated into an energy-based quantity. While this is not currently 
the measure of pollution it is important for this energy-based system to convert all the factors into the 
consistent units. 
The Greenhouse Gas Technology Center is investigating greenhouse gas mitigation 
technologies to determine their efficacy. It operates under the United States Environmental 
Protection Agency's Environmental Technology Verification Program and is currently evaluating 
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technologies in electrical utility, oil and gas, biomass energy, distributed electrical power, solid waste 
disposal and refrigeration industries. Information about this program is available online at 
http://www.sri-rtp.com/index/html. 
If programs like this can be successful in mitigating or reducing the greenhouse gas 
emissions the pollution and emissions factor would become less significant over time. One would 
expect an increase in energy consumption resulting from the cleanup step of production but it would 
be a necessary element of a transition to a green or sustainable process. These changes would 
contribute to an increase in the embodied energy numbers for the materials and decrease the 
significance of the emissions factors. 
An April 22, 1999, news posting on the Dow Chemical Company's web page boasts that Dow 
was "chosen as the top performer in the Innovative Technology Category for implementing technology 
that has virtually eliminated the release of hazardous emissions to the atmosphere from its brick-lined 
chlorination reactors." (The Dow Chemical Company Online Reference) The article goes on to 
mention that the new system saves the company $300,000 each year as well as reducing hazardous 
waste emissions by four million pounds per year. Results like this are significant and show that 
industries can clean up their emissions while increasing production and saving money. No specific 
information was given about the possibility of an increase in energy consumption but it would be 
reasonable to attribute some portion of the sizable savings to some element of reduced energy 
consumption. 
Returning to the description of the database there would also need to be an interface to the 
database for inputting new materials and assemblies as they were developed and also for deleting 
materials as they were eliminated from use. Keeping the database separated from the rest of the 
tools is desirable from the aspect that it would eliminate the need to alter the tools when new 
materials and assemblies were developed or added. Each of the tools would have their own access 
to the database and would not need to be concerned with the changes, additions or deletions to the 
database. 
Once the information had been input into the database it would be available for use in the 
tools. This would allow the Design Estimating Tool and the PreConstruction Estimating Tool to 
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remain stable while making the information on new materials and data as they were developed or 
researched. 
The Materials and Assemblies Database is not meant to be a static resource. As new 
materials were developed or researched, the user would add them to the database to make them 
available for later use. If new or innovative assemblies were designed they would also be entered 
into the database to be documented. 
The expectation is that the user would be maintaining their own database palette of their 
materials. If this system were to be used on a widespread basis the commercial materials and 
assemblies information could be provided by a group such as Sweets or the publishers of the current 
resources like ERG to maintain consistency of information among different users. Providing the 
information or a download online from the internet may also be a good way to provide the information 
for an ongoing basis since ease of use will be critical to any system. Information needs to be as 
complete and as up-to-date as possible to ensure the best use of the resources that are available. 
For an example of the Materials and Assemblies Database as I have completed it at this time 
see the Appendix. 
The Design Estimating Tool 
The Design Estimating Tool is an enhanced spreadsheet type of module. The user, usually 
the designer, would enter the type of materials and assemblies and the proposed amount of each. 
The tool would query the Materials and Assemblies Database to find the specific material or assembly 
and would return values for the embodied energy, transportation costs (based on the location of the 
producer and the building site), ecological values such as greenhouse gases emitted, recyclability / 
reusability, and other pieces of information about the material such as the A-value. These values 
would then be summed for the whole building and would be compared to the initial embodied energy 
index for an individual dwelling unit. 
This initial estimation step is crucial due to the need for much of the planning for energy 
efficiency to be done at the beginning of any design project. Table 3.1 shows the potential energy 
savings at each step of the design process. As can be seen, 70-90% of the potential energy savings 
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Table 3.1 Energy Savings Possible at Various Stages in the Building Design Process (Hirst, 
Geller, and Kroner 27) 
Stage in design process Potential energy savings 
Program predesign 0-10% 
Schematic design 40-50% 
Design development 30-40% 
Construction documents 0-10% 
Construction management 0-10% 
Post-construction 10-20% 
can happen before beginning the Construction Documents phase of a project. After that point the 
potential is significantly lower at 0-20% before the drawings and building are completed and only 10-
20% after completion of the building. 
The PreConstruction Verification Tool 
The PreConstruction Verification Tool would be a much more detailed version of the Design 
Estimating Tool. The Materials and Assemblies Database would be the same for both tools. The 
PreConstruction Verification Tool would be used after the design phase is nearing completion and as 
the construction document phase is beginning. 
New materials researched and new assemblies designed would be entered into the Materials 
and Assemblies Database. The siting, dimensions of the structure, materials and structure 
composition, window locations, and other items would be input into the PreConstruction Verification 
Tool. The PreConstruction Verification Tool would return a total energy value which would be a 
composite based on the initial embodied energy value, the ongoing energy usage value to include 
heating and cooling, and the greenhouse gas emissions value and converted into energy units if 
available. 
Each of the individual values would have to be within each of the allowable energy indices. 
Another limitation would be placed on the composite value which would be lower than the sum of the 
three individual indices. 
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GENERATING THE QUOTA 
Basis for Goal Residence Values 
As mentioned in the introduction, I believe that the numbers that the system should be based 
on are those that could be determined from existing knowledge about resource supplies. Ultimately 
this is the core of what should control and drive such a system as proposed. While this is currently an 
insurmountable task, I propose an alternate method of deriving the values for the resource allotment. 
These goal values would be the limitations for the indices described above. 
There are several factors that would need to be taken into account in setting these values. 
Among the items for consideration should be housing norms for space needs. Each of these requires 
a decision to be made as to how it will be combined with the others. I will briefly discuss how I have 
developed my "goal residence" for evaluating future residential units. 
The first option would be to base the goal residence values on the square footage 
requirements of the Department of Housing and Urban Development. As shown in Table 2.1, 400 
square feet is the area needed for one person. 
I believe these values to be reasonable and inclusive of necessary items such as circulation, 
storage, and utility areas. Other values that I have come across have included only the basic 
functions and separated these functions into specific rooms. The values in the Table 2.1 have not 
been divided into rooms or spaces leaving the option open for combining the spaces in non-traditional 
ways. This possibility could result in new configurations in the way that living spaces are organized 
and arranged. 
The second option would be to base the values on a statement of ecologically sustainable 
value. As with the determination of ecological budgets, this may be a hard number to pin down as far 
as the size of the dwelling and the energy going into the building of the dwelling. However, this 
information can be helpful in determining the ongoing energy usage budget since heating and cooling 
are not the only energy uses within a dwelling. 
A final option would be to base the goal values on the current rates of consumption of 
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materials in more sustainable countries. These are also discussed in more detail in the previous 
section discussing Current Consumption of Materials. Using these values, a materials budget could 
be determined for the United States. This would be based on much lower per capita usage than the 
current usage. Once a reasonable value was established on a per capita basis, the budget for the 
whole country could be determined and then it would be divided by the number of housing starts 
projected per year. 
The problems with this type of rationing system would be that the values are relatively 
arbitrarily determined and are not truly ecologically- or sociologically-based. Quite a bit of estimation 
would need to be done to determine how much of the current usage per capita really could be 
eliminated or truly attributed exclusively to the building industry. Then this adjusted amount would be 
what was available as part of the building material resource. 
Deriving the Energy Values 
After the criteria for the optimal dwelling unit was selected, the square footage values have 
been used to determine an allowable energy budget for both the initial building and for the energy 
consumption during occupancy. The method that I have employed for this analysis is to design a 
rectilinear dwelling unit with simple floor plan, gabled roof with rafters, and no windows or doors. This 
includes insulation values for walls, ceilings and floors as recommended for the region based on 
Architectural Graphic Standards. The optimal shape also would vary depending on the area of the 
country due to the desire to increase or decrease solar exposure. 
Based on the initial design, embodied energy and transportation factors were calculated. 
This calculation was done for a variety of materials: wood frame construction with wood siding, wood 
frame construction with brick facing, and wood frame construction with concrete masonry unit facing. 
These values were then examined to determine the appropriate embodied and transportation 
energy budget for dwellings at that site or locale in general. Due to the inconsistency in reporting 
energy used in transportation, the true energy cost of building at a specific location has not been 
included at this time. 
The ongoing energy usage calculation again used the base line of the recommended 
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insulation values, the wall and ceiling configurations specified, and would exclude solar gain. This 
would supply a goal value that the architect would be required to meet in the design. This value could 
be pre-calculated for a given region, state or city where the climactic conditions were similar. This is 
not a value that would be recalculated for every project. 
Examples of some factors that affect this for a given project would be the addition of windows 
(for solar gain or not), arrangement of walls differently than the optimum for the region, sharing walls, 
or increasing insulation in walls and ceiling. 
Basic Dwelling Module A 
This is a per person dwelling module that has exterior dimensions of 20' -0" x 20' -0" with a 
simple gabled roof with a 6 in 12 pitch as shown in Figure 4.1. The interior wall height is 8'-0". There 
is roughly 400 square feet of living space depending on interior partition walls. The ceiling/ roof 
insulation will be placed above the attic space which results in an enclosed volume of 4,200 cubic 
feet. 
Embodied Energy Calculations for Basic Dwelling Module A and options 
The embodied energy calculations were done for this dwelling unit. Values were calculated 
using wood frame construction with wood siding, wood frame construction with brick facing, and wood 
frame construction with concrete block facing. 
Table 4.1 illustrates the embodied energy values for Basic Dwelling Module A with a concrete 
floor and allowed for 2x6 framing to allow for R 19 insulation in the walls and R33 insulation in the roof 
or ceiling. Materials included in the analysis are listed, the amount of each specified and the 
corresponding embodied energy values are shown. 
While this does not include values for nails and fasteners, one can see the minimum amount 
of energy that would be required to build this simple 400-square foot dwelling module. We could 
approximate that a pound of nails would contain nearly 10,000 BTUs of embodied energy if it were 
made from the highest energy content steel. Table 4.2 contains a summary of the values for the 
calculation of the embodied energy for this unit. 
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Figure 4.1: Basic Dwelling Module A with Insulation in the Rafter Framing 
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Table 4.1: Embodied Energy Calculation for Basic Dwelling Module A with Concrete Floor 
Embodied 
Material or System Description Amount Units Energy 
4x8 exterior wall section Exterior wall, North 5.0 unit 4,030,155 
with R19 insulation 
4x8 exterior wall section Exterior wall, East 5.0 unit 4,030,155 
with R19 insulation 
4x8 exterior wall section Gable end, East 1.3 unit 1,007,539 
with R19 insulation 
4x8 exterior wall section Exterior wall, South 5.0 unit 4,030,155 
with R19 insulation 
4x8 exterior wall section Exterior wall, West 5.0 unit 4,030,155 
with R19 insulation 
4x8 exterior wall section Gable end, West 5.0 unit 1,007,539 
with R19 insulation 
4x8 ceiling section Interior Ceilings 12.5 unit 5,790,788 
4x8 roof section with R33 Roofing 14.0 unit 20,532,750 
insulation 
Ready-mix Concrete low 20'x20'x6" thick slab on 7.4 cy 8,427,504 
pcy grade 
Extruded Polystyrene Underslab insulation 400.0 sf 5,080,000 
Insulation psf 
4x8 interior wall section Interior partition walls, 10.0 unit 6,797,130 
40' 
Ready-mix Concrete low Foundation 42" deep, 8" 6.9 cy 7,865,670 
pcy thick 
Total Embodied Energy 72,629,539 
Table 4.2: Summary of Embodied Energy Values for Basic Dwelling Module A 
Material Embodied Energy (in BTUs) 
Exterior stud wall assembly 18,135,698 
Roof and ceiling assembly 26,323,538 
20'x20' concrete slab 13,507,504 
Foundation walls, 42" deep 8" thick 7,865,670 
40' of interior wall assembly 6,797,130 
TOTAL 72,629,539 
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Table 4.3 illustrates the embodied energy values for Basic Dwelling Module A with a concrete 
floor and brick facing. This included the elimination of the exterior siding materials and the addition of 
brick facing and an estimation of the amount of mortar required. The 2x6 framing wall is still included 
since the required insulating values would not be met with a brick structural wall. To add extruded 
polystyrene insulation to the exterior walls instead of fiberglass batt insulation would triple the 
embodied energy contained in just the insulating material. 
Table 4.3: Embodied Energy Calculation for Basic Dwelling Module A with Concrete Floor and 
Brick Face 
Embodied 
Material or System Description Amount Units Energy 
4x8 exterior wall section with Exterior wall, North 5.0 unit 3,200,934 
R19 insulation 
Brick eer unit 20'x8' Brick wall, North 480 unit 6,720,000 
Ready-mix Concrete low pcy Mortar estimate, North 0.3 cy 310,911 
4x8 exterior wall section with Exterior wall, East 6.3 unit 3,922,875 
R19 insulation 
Brick per unit 20'x8' Brick wall with gable, 600 unit 8,400,000 
East 
Ready-mix Concrete low pcy Mortar estimate, East 0.3 cy 388,638 
4x8 exterior wall section with Exterior wall, South 5.0 unit 3,200,934 
R19 insulation 
Brick eer unit 20'x8' Brick wall, South 480 unit 6,720,000 
Read~-mix Concrete low 12c~ Mortar estimate1 South 0.3 c~ 3101911 
4x8 exterior wall section with Exterior wall, West 6.3 unit 3,922,875 
R19 insulation 
Brick per unit 20'x8' Brick wall with gable, 600 unit 8,400,000 
West 
Ready-mix Concrete low pcy Mortar estimate, West 0.3 cy 388,638 
4x8 ceiling section Interior Ceilings 12.5 unit 5,790,788 
4x8 roof section with R33 Roofing 14.0 unit 20,532,750 
insulation 
Ready-mix Concrete low pcy 20'x20'x6" thick slab on 7.4 cy 8,427,504 
grade 
Extruded Polystyrene Insulation Underslap insulation 400.0 sf 5,080,000 
psf 
4x8 interior wall section 40' Interior partition walls 10.0 unit 6,797,130 
Ready-mix Concrete low pcy Foundation 42" deep, 8" 6.9 cy 7,865,670 
thick 
Total Embodied Energy 100,520,556 
28 
Table 4.4 illustrates the embodied energy values for Basic Dwelling Module A with a concrete 
floor and concrete block (CMU) facing. As with the brick facing, this included the elimination of the 
exterior siding materials and the addition of CMU facing and an estimation of the amount of mortar 
required. The 2x6 framing wall is still included since the required insulating values would not be met 
by a wall with a single layer of CMU. To add insulation to the wall, framing would need to be added 
inside the CMU to attain the necessary insulation values. 
Table 4.4: Embodied Energy Calculation for Basic Dwelling Module A with Concrete Floor and 
Concrete Block Face 
Embodied 
Material or System Description Amount Units Energy 
4x8 exterior wall section with Exterior wall, North 5.0 unit 3,200,934 
R19 insulation 
CMU lightweight per unit 20'x8' CMU wall, North 180 unit 4,342,680 
Ready-mix Concrete low pcy Mortar estimate, North 1.2 cy 1,404,584 
4x8 exterior wall section with Exterior wall, East 6.3 unit 3,922,875 
R19 insulation 
CMU lightweight per unit 20'x8' CMU wall with gable, 225 unit 5,428,350 
East 
Ready-mix Concrete low pcy Mortar estimate, East 1.5 cy 1,755,730 
4x8 exterior wall section with Exterior wall, South 5.0 unit 3,200,934 
R19 insulation 
CMU lightweight per unit 20'x8' CMU wall, South 180 unit 4,342,680 
Readi-mix Concrete low eci Mortar estimate, South 1.2 ci 1,404,584 
4x8 exterior wall section with Exterior wall, West 6.3 unit 3,922,875 
R19 insulation 
CMU lightweight per unit 20'x8' CMU wall with gable, 225 unit 5,428,350 
West 
Readi-mix Concrete low eci Mortar estimate, West 1.5 ci 1,755,730 
4x8 ceiling section Interior Ceilings 12.5 unit 5:790z788 
4x8 roof section with R33 Roofing 14.0 unit 20,532,750 
insulation 
Ready-mix Concrete low pcy 20'x20'x6" thick slab on 7.4 cy 8,427,504 
grade 
Extruded Polystyrene Insulation Underslap insulation 400.0 sf 5,080,000 
psf 
4x8 interior wall section 40' Interior partition walls 10.0 unit 6,797,130 
Ready-mix Concrete low pcy Foundation 42" deep, 8" 6.9 cy 7,865,670 
thick 
Total Embodied Energy 94,744,146 
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A good CMU material would be one that would be able to serve as the structure as well as 
the interior and exterior finishes for the wall and provide an appropriate thermal resistance. The 
material would be serving multiple functions at the same time thereby reducing the need for additional 
materials. 
One CMU product that is now available that may work satisfactorily would be the lntegra Wall 
System from Oldcastle Architectural Products Group. The description of this product reads like a 
dream come true for just such a purpose. It boasts of an insulation value up to R-28 and the 
expanded polyurethane insulation seals all the pores and voids in the block (Sweets Group Online 
Reference). Therein lies the problem: polyurethane foam insulation has an embodied energy 3 times 
that of fiberglass insulation. If information were available on the embodied energy of the lntegra Wall 
block and the environmental effects a more proper comparison could be made. This just highlights 
the changing nature of building materials and the need for continuing research into new products and 
their possible energy saving applications. 
Due to the unknown ecological budget, it would seem that the initial embodied energy index 
value could be set based on the calculations for the dwelling unit based on space needs. This should 
be set low, around the 90 million BTUs of embodied energy range. This would give an allowance for 
a wood framed dwelling of around 18 million BTUs for the fasteners and other items that have not 
been included in these calculations due to the figures being unavailable at this time. Allowing this 
should be more than ample to cover any items that have not been included. This allowance would 
also be used for the insertion of doors and windows which would have a net increase in the embodied 
energy when used to replace a wood framed section and should result in a net decrease of the 
energy used in a brick-faced or CMU-faced dwelling. 
The addition of windows should be looked at to evaluate our assumptions. Table 4.5 shows 
an estimation of the embodied energy in the materials to replace a 3 foot by 5 foot section of wall with 
the materials in a double-paned aluminum-framed window. 
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Table 4.5: Comparison of Embodied Energy of Wall Section and Window 
3'x5' section of exterior wall Estimated 3'x5' aluminum framed window 
377,827 BTUs Double pane 1/4" glass, 3'x5' 
690,000 BTUs 
Aluminum frame, 3'x5'x1 "x1 /4" 
576,998 BTUs 
Total 
an,s21 BTUs 1,266,998 BTUs 
To evaluate the two fairly we would need to subtract the embodied energy for the wall from 
the embodied energy for the window. This results in a net addition of 889,171 BTUs for a 3 foot by 5 
foot window which when placed properly would also bring about a reduction in the ongoing energy 
required due to heating and lighting. 
We are now at a point where we have a baseline against which we can begin to assess what 
can be done to reach or surpass this goal. We cim compare this to other values that have been 
given for a typical dwelling unit. In New Zealand, researchers found the embodied energy in three 
different sizes and qualities of dwellings. These are listed in Table 4.6. 
Table 4.6: Energy Use Resulting from Construction of Three Types of Houses in New Zealand 
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Converting these numbers from Gigajoules into BTUs is a matter of dividing the metric Gj 
values by a factor of 1 Gj = 948, 170 BTUs. Given this the embodied energy values translate into 493 
million BTUs for the dwelling with the most impact, 353 million BTUs for the most common dwelling, 
204 BTUs for the dwelling with the minimum impact. Therefore if the proposed goal of 90 million 
BTUs can be attained we will have surpassed the values from the New Zealand research by more 
than 50 percent. 
It is estimated that the average American home uses approximately 11,000 board feet of 
lumber and 9,100 board feet of that is just in the framing (Marinelli "Your" 108). If the home is steel 
framed it requires 5 to 6 tons of steel just for the framing (Marinelli "Your'' 135). Converting these to 
energy factors we find that the it takes 94 million BTUs for softwood framing lumber, 70 to 84 million 
BTUs for steel made from scrap in an electric arc furnace, or 11 O to 132 million BTUs from iron and 
scrap in a basic oxygen furnace just to frame the average dwelling. 
With both of these comparisons we can see that our 90 million BTUs for the total dwelling is 
radically lower than the present consumption. It is important to note that the reduction in square 
footage has contributed substantially to our reduction in numbers below the information given. 
Ongoing Energy Calculations for Basic Dwelling Module A and options 
The ongoing energy usage numbers for the Basic Dwelling Module were derived using the 
estimated heating and cooling loads of the unit sited in central Iowa. For the sake of these 
calculations the walls were considered to be totally opaque with no windows or doors. Values for 
conductance were based on the recommended values of insulation from Architectural Graphics 
Standards for Zone 5 which contains Ames and Des Moines: R-22 for floors, R-33 for ceilings, and R-
19 for exterior walls (Sleeper 426). Additional items included in the calculations were an estimation of 
using three 60 watt bulbs for 18 hours a day due to the lack of windows. The cooling load has been 
ignored at this point due to the fact that it is such a small portion of the total in comparison to the 
heating load. 
These parameters were chosen to illustrate how much energy would be required if the 
dwelling was considered from the perspective that access to views and daylight was unimportant. 
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Table 4.7: Ongoing Energy Usage for Basic Dwelling Module A 
Load Type BTUs per year 
Heating Load 8,333,354 
Lighting Load 490 
TOTAL 8,333,354 
The implication here is that any windows added would need to result in an addition of ''free" energy 
added to the dwelling unit. See Table 4.7. 
As with the embodied energy calculation, the on-going energy usage reference number would 
be conservatively set to 10 million BTUs of energy for the basic 400 square foot dwelling module. 
This allows for some heat loss due to the addition of windows which should in reality result in solar 
heat and lighting being added to the building. 
We can compare this to the typical ongoing energy used in a dwelling unit. It has been 
estimated that current buildings use as much energy for heating and cooling for a period of three 
years as is contained in the embodied energy initially used in the buildings themselves (Van der Ayn 
and Cowan 8). If we compare this to our restrictions for embodied energy and the ongoing energy 
usage we find that it would take 9 years for our annual energy usage of 10 million BTUs to reach our 
embodied energy of 90 million BTUs. This is three times better than the average building and we 
have done it with limitations on the initial embodied energy. 
This indicates means that the 10 million BTU number is considerably less than the ongoing 
energy used in the average American home. Using the average values projected above in the 
embodied energy discussion, we can derive the energy usage for the average American home to be a 
third of the embodied energy in the 11,000 board feet of wood in the average dwelling. This gives us 
a value of approximately 114 million BTUs of embodied energy and 38 million BTUs energy used 
annual. It is important to note that the 11,000 board feet number does not include all the other 
materials that go into the average American home. 
The target of 1 0 million BTUs of annual energy use is close to one-fourth of the average 
American home's energy use. This means that the value specified is reasonable and sufficiently low 
to significantly decrease the ongoing energy consumption. 
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Scenarios for Energy Savings 
Reductions of Embodied Energy 
There are countless possibilities for reducing embodied energy during the design of the 
dwelling unit. I have chosen to illustrate a few here to show the reductions possible and discuss the 
impacts of them. 
One way of achieving almost a 10 percent savings in initial embodied energy would be to 
alter the floor structure. Table 4.8 shows the difference in the initial embodied energy due to using a 
concrete flooring versus using wood-framed construction with wood finish flooring, vinyl flooring and 
linoleum. 
Table 4.8: Difference in Embodied Energy Due to Change in Floor System 
Embodied Energy in Total Embodied Energy 
Flooring system Flooring System (BTUs) in Dwelling (in BTUs) 
Concrete Slab on Grade 13,507,504 72,629,539 
Wood Framed Floor with: 
Wood Flooring 7,528,350 66,650,385 
Vinyl Flooring 9,822,413 68,944,448 
Linoleum 7,387,387 66,509,423 
While this presents a confusing picture upon first examination it must be remembered that 
different materials have different longevity factors and different uses that must be taken into 
consideration. The concrete slab on grade should last for the lifetime of the dwelling whereas the 
linoleum or vinyl flooring may have to be replaced within 10 to 15 years. The options for Linoleum 
flooring and wood flooring option similar but again the longevity factor comes in. Wood flooring 
should last longer but will need to be treated with varnishes or sealers. 
In addition to these factors there is also the meaning that the client attributes to the materials. 
This is where the issue of choice comes into the equation. If the client wants to have the linoleum for 
some reason then they can have it, but they may have to give something up in the long run. If the 
client or architect is looking to decrease the ongoing energy usage then the concrete is probably a 
good choice due to its longevity - and its value as thermal storage for solar heating and cooling 
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purposes. Again this will depend on the client's and architect's desires and how they will manipulate 
the design to fit into the indices. 
Another way of decreasing the embodied energy in a unit is to connect it to another unit. This 
would cut the embodied energy of the shared surface to roughly half for each of the units. Examples 
for the Basic Dwelling Module A with wood siding are shown in Table 4.9. If this were done enough a 
unit could reduce both the embodied energy used and the ongoing energy usage which will be 
discussed later. In addition to these energy savings there would be reductions in the amount of 
energy required for ongoing maintenance due to the reduction in surfaces to be maintained. 
Table 4.9: Embodied Energy Savings from Surface Sharing for Basic Dwelling Module A. 
Configuration / 
Surface to be Shared 
Stacked: 
Lower Unit: Roof. Gable ends 
Upper Unit: Floor, Foundation 
Side by Side: 
East or West Wall with Gable 
Side by Side: 












3,502,055 BTUs QC 4.8% 
2,998,286 BTUs QC 4.1 % 
The Basic Dwelling Module as proposed is for an individual. For a dwelling for more than one 
person we would combine units into a some new configuration. The values in Table 4.9 become 
immediately applicable in this case. Figure 4.2 shows an example of two Basic Dwelling Modules 
stacked. Figure 4.3 shows an example of two Basic Dwelling Modules sharing an end wall. Figure 
4.4 shows an example of four units together. 
These illustrations have shown how easy it would be to live with the proposed 90 million 
BTUs of embodied energy for a dwelling unit. When the units are combined, whether into one larger 
unit or a series of individual units, substantial savings results. 
Next I will address ways of reducing the ongoing energy usage below the proposed annual 
allotment of 10 million BTUs. 
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1 ' 
Figure 4.2: Configuration of Two Basic Dwelling Module A Units Sharing Ceiling/Floor 
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Figure 4.3: Configuration of Two Basic Dwelling Module A Units Sharing End Walls 
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1 , 
Figure 4.4: Configuration of Four Basic Dwelling Module A Units 
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Reductions in Ongoing Energy Usage 
Possibilities for improvement in the ongoing energy usage would include items such as 
increasing the amount of insulation above the recommended values, placing the insulation directly 
above the 8' ceiling to eliminate heating of the attic/loft space, or altering the dimensions of the 
module to a rectangular area that could provide the same 400 square feet of living space then placing 
the long axis towards the south to improve solar exposure. For illustration purposes, the energy 
change due to each of these has been calculated to show just what the impact of a relatively small 
change can be. 
Increasing the Insulation Values above Recommendations in Architectural Graphic Standards: 
There is a direct increase in the economic cost due to the insulation. Embodied energy would 
also increase by a factor. The ramifications to this plan are that there would need to be additional 
space in the framing of the roof and side walls. This may result in an increase in the embodied 
energy contained in the dwelling module due to larger sized framing members. The main comparison 
of value here would be the additional embodied energy due to the increase in insulation in relationship 
to the ongoing energy savings due to decreased heating and cooling needs. While this increase in 
insulation may some day become the standard and cause the allowable embodied energy numbers to 
be increased at this time we can changes that result in more significant ongoing energy savings. 
Alternative Placement of Ceiling/Roof Insulation: 
Changing the placement of the insulation to be directly above the ceiling would decrease the 
heated and cooled volume from 4,200 cubic feet to 3,200 cubic feet. See Figure 4.2. The 
ramifications to this plan from a livability standpoint would be that the volume above the ceiling would 
not be available for use as a cathedral-type ceiling or for additional heated interior space in the form 
of a loft or storage space. 
The resident may not want to heat the attic space as proposed in the initial unit because of 
the savings in heating and cooling loads. This simple change in the placement of the insulation 
results in a reduction in annual heating load from 8,333,354 to 7,263,788 BTUs per year. This 13% 
savings in ongoing energy usage comes about with the elimination of some insulation material 
39 
reducing the embodied energy required by a minimal 54,600 BTUs and slightly reducing the initial 
economic cost. 
Elongation of the Plan on the East-West Axis: 
This scenario that I refer to as Alternative Dwelling Module B and would be a 40'x1 0' 
structure oriented with the long side towards the south. See Figure 4.3. Changing the plan to 40'-0" 
along the east-west axis and 10'-0" along the north-south axis and maintaining the volume with the 
roof pitch of 6 in 12 facing south would result in an increase in the annual heating load from 8,333,354 
to 11,087,341 BTUs or 33%. 





Figure 4.6: Alternative Dwelling Module B 
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From the standpoint of the ecological and budget impacts, the additional materials required 
would be the insulation and framing for the additional height of the south wall (in comparison to Basic 
Dwelling Module A). This rectangulation of the building area is recommended in the book Energy 
efficiency in buildings: Progress and promise which states that a study of surface-area-to-volume 
ratios indicates that elongation along the east-west direction is optimal in all climates (Hirst, et al 26). 
While the scenario appears to lead to an increase in the heating load once windows are 
added on the south wall of the dwelling the ongoing energy usage should decrease. This 
configuration would also result in an increase in the embodied energy contained in the dwelling as 
shown in Tables 4.10 and 4.11. 
Table 4.10: Embodied Enersx Calculation for Basic Dwellin51 Module B with Concrete Floor 
Embodied 
Material or System Description Amount Units Energy 
4x8 exterior wall section with Exterior wall, North 10.0 unit 8,060,310 
R19 insulation 
4x8 exterior wall section with Exterior wall, East 2.5 unit 2,015,078 
R19 insulation 
4x8 exterior wall section with Gable end, East 0.8 unit 629,712 
R19 insulation 
4x8 exterior wall section with Exterior wall, South 16.3 unit 13,098,004 
R19 insulation 
4x8 exterior wall section with Exterior wall, West 2.5 unit 2,015,078 
R19 insulation 
4x8 exterior wall section with Gable end, West 0.8 unit 629,712 
R19 insulation 
4x8 ceiling section Interior Ceilings 12.5 unit 5,790,788 
4x8 roof section with R33 Roofing 14.0 unit 20,532,750 
insulation 
Ready-mix Concrete low pcy 20'x20'x6" thick slab on 7.4 cy 8,427,504 
grade 
Extruded Polystyrene Insulation Underslab insulation 400.0 sf 5,080,000 
psf 
4x8 interior wall section Interior partition walls, 30' 7.5 unit 5,097,848 
Ready-mix Concrete low pcy Foundation 42" deep, 8" 8.6 cy 9,832,088 
thick 
Total Embodied Energy 81,208,869 
42 
Table 4.11: Summary of Embodied Energy Values for Base Dwelling Module B 
Material Embodied Energy (in BTUs) 
Exterior stud wall assembly 26,447,892 
Roof and ceiling assembly 26,323,538 
1 0'x40' concrete slab 13,507,504 
Foundation walls, 42" deep 8" thick 9,832,088 
30' of interior wall assembly 5,097,848 
TOTAL 81,208,869 
A further assessment would need to be done to determine the total impact of this situation. If 
the standard module has 12" or 16" on center framing, an increase to 24" on center framing could 
offset the increased wall framing required for the east-west axis scenario. 
Examples of the ongoing energy savings resulting from small alterations to a single dwelling 
module were discussed above. There are other savings that could come about as a result of 
combining modules together through shared walls or surfaces. If two of the Basic Dwelling Module A 
units were set side by side, there would be a savings of 1,281,845 BTUs or 17 .6% per year in the 
heating load for each module. If the modules were stacked, there would be a savings of 2,050,952 
BTUs or 28.24% for the lower module and a smaller savings for the upper module. See Table 4.12 
for illustrations for savings factors possible for different dwelling configurations of shared walls and 
shared ceiling/floors. This suggests that just from the ongoing energy usage standpoint free-standing 
dwellings would be the least desirable for energy conservation. 
With adjustments as simple to achieve as these, the on-going energy usage would not be a 
problem to achieve during the design phase. We also saw above the substantial savings in 
embodied energy that could be gained through sharing surfaces. This will be an important part in 
getting the most for our limited energy supply. 
However, I believe that choice is still an important aspect of this program and the free-
standing module should still be available but it may need to be smaller . One of the ways that this 
could be deterred is to set the allowable embodied energy and the allowable ongoing energy usage 
below the average for the 20'x20' module. Th is would necessitate that the designer find other 
creative ways to configure the module if it were to remain free-standing. 
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Table 412 0 . : nao1na E nerav s . avmas ue o u ace D t S rf arma 1n as1c we ma 0 ue Sh . . B . D II" M d I A. 
Unit 
Dimensions 20' X 20' 15' X 26'•9" 10' X 40' 
Total 
Winter 
Heating 7,263,788 7,495,312 8,550,396 
Loss 
Shared 
Roof 2,050,952 28.2% 2,048,832 27.3% 2,052,095 24.0% 
Savings 
Shared 
Width 1,281,845 17.6% 963,074 12.8% 641,280 7.5% 
Savings 
Shared 
Length 1,281,845 17.6% 1,717,482 22.9% 2,565,119 30.0% 
Savings 
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RESULTS AND DISCUSSION 
The Quotas 
While the research was underway I felt strongly that the proposed quotas were adequate for 
reducing energy consumption. Ninety-million BTUs of embodied energy in a dwelling unit and an 
ongoing energy usage of 10 million BTUs seemed appropriate. It is a substantial reduction from the 
amount of energy that we are currently consuming. 
However, in the end this seemed to be an easily attainable goal through configurations and 
materials selections as illustrated above in the sections dealing with the reduction of the embodied 
energy and the reduction of ongoing energy usage. To provoke further efforts and to get closer to 
what we should be moving towards I am proposing a new quota of 70 million BTUs of embodied 
energy and a corresponding reduction in the ongoing energy usage to a target of 5 million BTUs per 
year. 
There are plenty of opportunities to reduce consumption to these levels as illustrated above. 
While we may have to give up our sizable homes and lawns in the suburbs we will still have a good 
quality of life that is more responsive to energy issues. 
And these quotas may still be set too high if we eventually are able to quantify the ecological 
budget. The quotas should be constantly re-examined to determine their legitimacy in practice. Just 
as the Universal Building Code specifies minimums that must be satisfied these values should be 
seen as maximums and we as practitioners should try our best to work towards values that are still 
less than these. 
Barriers to Acceptance 
Additional Capital Investment 
It may be difficult at this time to motivate private individuals to move towards this new system. 
If the proposed dwelling units were the same size as existing dwelling units the additional cost of the 
new low-energy module might be higher than the standard housing module in a given region or area. 
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However due to the great reduction in the space and embodied energy allowed economics should not 
be a deterrent to acceptance. 
Homes constructed as part of the Energy Efficient Housing Demonstration project in 
Minnesota resulted in an increased sale price of $2500 per unit decrease in the thermal integrity 
factor (measured in BTU/ft2-HDD} (Hirst, Geller, and Kroner 50). A later economic analysis found 
that this was predictably unattractive to short-term buyers (less than 6 years} but was attractive to 
those considering a long-term (30-year} purchase and those that believed they would be able to sell 
the house at an increased price due to their increased investment (Hirst, Geller, and Kroner 50). 
The difference in economic cost of the smaller low-energy units should not have as much of 
an impact as experienced today. As the transition is made to usage of more local materials the 
economic as well as energy cost should both decrease. 
Additional benefits would accrue over time both through the livability of the new module and 
the reduction in the cost of the on-going heating and cooling expense. With the proposed decrease in 
size and limitation on embodied energy of the materials the economic cost should be much less than 
a standard-sized home built at the present time with standard housing design. 
Replacement of Current Dwellings 
I have specifically avoided the issues of dealing with existing dwellings. As part of a robust 
energy system the current dwellings would also be brought up to the proposed standards. This would 
retain the energy currently embodied in the dwellings and also decrease their ongoing energy usage. 
In some cases this may lead to the need for some current units to be subdivided or shared to meet 
the embodied energy allowance on a per person basis. 
The proposal would have a significant impact on the dwelling modules constructed using the 
system. There is a major problem with using this tactic as the only way of decreasing energy usage 
in dwelling units. This is due to the fact that on an annual basis new dwelling units account for only 
0.75% of the total (Burbery 1996). This means that it would take over 100 years for all off the non-
energy based dwelling units. 
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Choice Limitations 
I strongly believe that in order for this type of rationing system to work particularly in its early 
phases there needs to be choice. This is not to imply that the designer or client has unlimited choice 
but they should be allowed to choose from some variety of materials. If it could be implemented, the 
proposed "ecologically-based budget" would exert its control. The limiting factor would be whether 
this can be ecologically determined in combination with human space needs, etc. 
Factors that May Increase Acceptance 
Considerations of this proposal cannot ignore the current economical issues. Financing 
should be made available to people of all income levels. Currently federal government funding 
provides for fuel assistance and weatherization programs for low-income households. An alarming 
90% of this money is used for fuel assistance alone (Hirst, Geller, and Kroner 16). This funding 
should be increasingly reallocated towards building dwelling units that are less energy-intensive 
during construction and maintaining the on-going energy usage requirements of energy-efficient 
dwellings. In so doing the portion of the funding used for fuel assistance could be decreased over 
time and money invested in the program could be re-invested in new housing units that perpetuate 
the proposed energy ethic. 
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CONCLUSIONS 
As shown in the research Americans are consuming too much energy in their dwellings. The 
current dwelling unit is providing more space than is actually necessary and this leads directly to the 
consumption of large quantities of embodied energy and ongoing energy for heating and cooling. An 
estimated 1 in 12 BTUs of the world's energy consumption is being used to heat and cool building 
stock in the United States (Van der Ayn and Cowan 8). 
Entering the Twenty-first Century we find our country poised at the possibility that the Arctic 
National Wildlife Refuge will be opened up to provide petroleum to support our energy consumption. 
In The Ecology of Commerce, Paul Hawken states that "ceiling insulation and double-glazed windows 
can produce more oil than the Arctic National Wildlife Refuge at its more optimistic projections, at 
about one-twentieth the cost, with four times the employment per unit of energy conserved versus the 
energy consumed by burning oil." 
Through the proposal illustrated in this work, it can be seen that energy can be reduced in a 
dwelling unit by decreasing the size of the dwelling, configuring the dwelling with other units, and by 
raising awareness of the energy issues related to our material and housing choices. While a system 
like the one proposed may seem to be futuristic and socialistic, it is fair and equitable for the majority 
of people. It is also an important step in the transition from our current consumption-driven society to 
one where value, meaning, and status can be attained with less energy and environmental impact. 
Future Research Recommendations 
A project can only take a proposal so far. In the future as time allows the proposal will be 
developed further to include more issues than I was able to address here. 
One of the major items to be developed further is the issues relating to habitability. Windows 
and doors need to be inserted into the structures. Stairways need to be added to grant access to 
second floor units. As the dwellings stand right now they are only mainly proposals for the shell and 
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have not taken into account how the dwelling will be inhabited. 
Since the size of the units have been greatly reduced there is also the issue of how a dwelling 
of this size will be furnished. Opportunities exist for very compact furniture configurations within the 
dwelling and these should be proposed to make the dwelling palatable to future residents. 
Further research needs to be done to fill in information in the Materials and Assemblies 
Database that is unavailable at this time from any of the current resources. These include the factor 
relating to the Expected Life of the material and also an analysis of the impact of maintenance over 
the lifetime of the material. For the most part in the current proposal I was unable to analyze the 
longevity of the materials and the subsequent embodied energy in its replacement and maintenance. 
Inclusion of these factors in the analysis will more closely determine the actual energy consumption 
and may reveal further ways of reducing this same consumption. 
One of the ideas that I had explored early on in the research was the idea that the materials 
would hold their embodied energy value, as they truly hold the embodied energy. Thus, when 
materials were directly reused as building materials without the addition of any further energy or 
indirectly recycled as reprocessed and refabricated building materials through the consumption of 
additional energy the initial embodied energy value would be retained and reflected in the new use. 
This led to several decisions that were far beyond the intent of the original proposal. It did 
create interesting possibilities. 
When you use a material that is directly reused and has no additional energy added, is it 
considered as having no embodied energy or does it carry the initial embodied energy that it had 
when it was used the first time? Then, if this system were used, as the embodied energy in new 
materials is hopefully reduced due to improved energy-efficiency in the manufacturing process would 
the old material be valued at its initial embodied energy value or at the new level? 
If a material is recycled, as in the case of scrap iron and steel, should the valuation of the 
embodied energy include an additional allowance for the embodied energy that is retained from its 
original incarnation? In the case of steel what I found was that the embodied energy of recycled steel 
is 5,000 to 6,000 BTUs less per pound of material for recycled steel - but this does not include around 
5,000 BTUs that were in the original material. With this added energy factor, the embodied energy 
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values in new and recycled steel would be almost identical. This could present a problem since it 
would not clearly encourage or favor the usage of recycled materials. 
In addition to the recycling of materials in buildings scheduled for destruction, would the 
system encourage a homeowner to tear out a wall and exchange it for other replacement materials? 
The possibilities for the embodied energy value to become the unit of economics could be explored 
further. 
As discussed in the energy savings sections of the proposal, the configuration that are 
possible for multiple units needs much further development. Since the normal household would 
probably be made up of more than one person these configuration offer possibilities for individual 
households. There is also the possibility to configure these into a rowhouse type of arrangement tor 
unrelated individuals to attain the same type of savings. Each of these areas deserves further 
research and development. 
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APPENDIX: MATERIALS AND ASSEMBLIES DATABASE 
Material Units 
_1-ply m~mbrane roofirig Q.Q48" 
4x8 ceiling section unit 
,4xt3 ceiljng with R3:3 in_!3ulation unit 
4x8 exterior wall section unit , ,., ', ......... , .. .. 
4x8 exterior wall section with R19 unit 
insulation 
4x8 interior wall section unit 
4x8 roof section unit 
4x8 roof section with R33 insulation unit 
4x8x1/2 Hardwood Plywood unit 
4x8x1/2 Softwood Plywood unit 
ABS pipe, 2", per linear foot If 
Adobe Brick perlb lb 
Adobe Brick per unit unit 
Aluminum 
Aluminum siding, hollow backed over 
_sheathing 
Architectural gla$S sidirig___ . 
Armstrong 1 /8" Vinyl C<>nipe>!3itie>n Tile; lb 
Armstrong M~qintech Yir1yl fle>oring.. lb 
Asphalt'' roll JO<>fir,g 




Brick per LJl'lit 
Built~uproofing 3/811_ 
Cast Iron pipe, 2", per linear foot 
Cedar shakes, 1/2" 
Cedar shakes, 3/4" 
_Cellulose Insulation per lb 
Cellulose Insulation psf 
Cement Mortar 
[Cement plaster, sand aggregate 
Clay tile, hollow 3" unit_ 1 cell deep 
Clay tile, hollow 411unit 1 cell deep 
Clay tHe, hollow 6" unit 2 cells deep 
Clay tile, hollow 8" unit 2 cells deep 
'CMU lightweight per lb 
CMU lightweight unit 
CMU per 100sf 
CMU per lb 
CMU unit 
























247,270 ;22.5 to 49.9 pct - estimated at 36.2 
pct 
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:4x8 exterior wall section with R 19 
:insulation 
14>e~JmE3ri()r ""cl~I §E3C:.~i.9n .. 
4x8 roof section 
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14x8x1 /2 Hardwood Plywood 
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A~§ ... PiPE3, .. gl', .. PE3f ... IiQE3clf .. f99t. ..... . 
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Aluminum 
Aluminum siding, hollow backed over 
[§hE3clt..t"lJr,g ..... . 
lAr9..tlit.E39.t..LJrclL9.I?.~~ ~ic:Jing. . ... . ....... . 
lAr.m~t.rcm.9 ... 1/~" .. VinyI .. G9~PQ~it..i9r, .. JilE:l[ 
[Arm~t.r9.D9 ME3c:JiD.t.E39.h. Yi.rlYLf.I99.r~og 
lA~Phcllt r9IJ r.C>()f ing 
Asphalt shingles, self-sealing, psf 
Brass, red 
Brass, yellow 
;~ripk PE3.LIP ..... . 
l~r~9k PE:lr ~iriit.. ..... 
[~yjJt~LJP r99fir,g ~/~.I' 
lG.?~tlfC>~l pipE3, ?'', P~r JiriE3clf f99t 
[QE:lcJc1r.~tlc1.k~s, .1/~" ..... 
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!Cement Mortar 
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!E=.>gf:lr~c>LPct~11tp~t... . .. 
lE;~rLJ.QE39. .. .Pc:>IY~~rE311~.J11~.LJ.lc1ti9.11 per It.:> ..... 
Extruded Polystyrene Insulation psf 























Fir 2.5" ............... ····· ········ ... ········•······••········•············ .... ·······•······················································· ... ··· ········ ···•······c····· ·•················· ·········· 
Fir 25/32" 
Fir 3.5" .......................................................................................................................................................................................................................................................................................................................................  
•frc1rniog ~lJ.rDPE3rpc.t . 
frc1rni119 ~lJ.ffl.P.~r.= .. ~Ht?'<.4. PE3LlJ.11Jt. .... 
Glass per lq. 
G lc1s~ per t9l'l 
Glc1~~,. 1/4'\p§f. 
Glue Laminated Timbers per 
:boardfoot 
rnue Laminated Timbers per cubic 
foot 
Gluf:l Larnil'lcltf:lg TimpE3r§. PE3LIP. ... 
Granite 
Gypsum plaster, lightweight 
8ggr~gc1te. J/2'' 
GYP~~m~f ipE3r ccmgrf:l~E3. 
IHc1~_LCclrP(:}~ glJ.§b i()l'l . 
Hardwood 
Hardwood Plywood pct 
Hardwood Plywood per lb 
:1nsiqf:l. J\ir F,ilffl.J.ctyf:lr 
1meri9r pctil'lt, oil~ba.seg p~t_ 
:lritE3riC>f pail'lt, wa.t.~r-bc1~eq .P~L . 
lror1,. gray C.ci~L ... 
'Iron, pure 
;JLJtf:l 9c1rpE3t 9.u~biQD. .... 
J.~c1ct........... . ......... . 
Limestone per lb 
birie>lelJrn .Pf:lt IP. ..... 
Linoleum psy 
Jv1ap1E3 ...... . 
Marble 
cf ........... ~?~0QQ 
unit .. ~Q,QQ0 
lb 7,490 
ton 19_,.QQQ,.Q00 
































,coppE3r pipE3L?"', PE3Lli11E3lir fe>Qt ... 
,QQpper,. ca~t .. re>lleq 
•Gf>FG pipe, ... ?'", .. pE3rli111:3cir .. fQQt 
:0<>.LJblE3 pcinE31/411 gills~, p~f ... 
E:><tE3riQr pcii11t pst . 
l=)ctruqed F>e>l~tyrenE3J11sLJlliti9.npE3r lb_ 
Extruded Pol~tyrene Insulation psf 















C3IuE31,,li1Tii11litE3q.Tirnl:>E3r~ pE3r.Jt> ..... . 
Granite 
·Gypsum plaster, lightweight 





Inside Air Film La 
Interior paint, oil-b 









R- value Unit 
0.0 inch 
0.9 · inch 
0.1 inch 
Material 
copper pip{;), 2°,per linecirfoot 
'QQpper, castrollf)d 
.Cf>FC.pipe, ... 21',. pf)r linear.toot 
pout>le. pcinf)J/41' glciss, psf 
tE)(tf)riCILPciint psf 
•l=)(trucieci.PC1ly~tyrf)nf)Jn~LJlcitiC1n per. lb• 


















Gypsum plaster, lightweight 
aggregate 1 /2" 
Gypsum-fiber concretf) 
Hair carpet cushion 
Hardwood 
Hardwood Plywood pct 
!Inside Air Film Layer 
Interior paint, oil-based psf 
Interior paint, water-basedpsf 
Iron, gray cast 
,Iron, pure 
Jute carpet cushion 
Lead 
Limestone per lb 






Yes 11 % of total 
Expected 
Recyc Svgs · Rec Life (in 
Svgs Unit % years) 
15 
Material 
Mineral Wool Insulation psf 
n/a 
't-JcitLJrcilJcitl:3x .. rLJt>t>l:3LPr{)ciLJct lb 
NYl<>11 <::cirpt:3L . .. . .. ....... . sy 
Oak 
Qil~t>as1:3cipai11tp1:3rJb lb 
Qutside Air Film .Layer 






F'lcistl:3r Board: 4'xf3'x1/211perlb 
Plaster Board: 4'x8'x1/2" unit 
P{)lycarboncite per lb 
Polyurethane and Polyisocyanurate 
J11sLJ lciti{)l1 pt:3rJt> 
Polyurethane and Polyisocyanurate 
JnsLJlcition psf 
Portland Cement per lb 
Portland Cement per ton 
PVC pipe, 211,per linear foot 
H11 Fiberglass insulationpsf 
'R 19. Fiberglass insulation .. psf 
'R33Fiberglass insulation.psf 
Ready-mix.Concrete high pcy 
!Ready-mix Concrete lov.i pcy 
:Sandstone 
Saturated felt, roof underlayment, 
.15Ib,psf 









Softwood Plywood pct 
:soitwooa···P1ywooct· per··1b 
Steel door, 1.75" mineral fiber core 




































cement may absorb as much as 20 
pounds of CO2 






Mineral Wool Insulation psf 
nta 
N at1Jra,I .. Ia,t~x.rut>b~r pre>q1Jc:t ..... 
Nylon ca,rpet ... 
Oak 
Qil-ba,sed .. pai11t perlb 
Qutsiqe Air Fih11 La,y~r 






Plaster Board: 4'xffx1/21'per It>. 
Plaster Board: 4'x8'x1/2" unit .................................. , ., .... , .. ,,, .. , ... , .... 
p9Iycart>e>11atep~r.Jt> .... . 
Polyurethane and Polyisocyanurate 
[lnsulatio11 p~r .. lt> 
Polyurethane and Polyisocyanurate 
•Insulatie>n ... Psf 
Portland Cement per lb 
pyc pipe, 211, per linear f 
F{11 fib~rgla,ss insLJlation.ps 
R19 Fiberglass insulationps 
H33Fiberglass.insulation .. ps 
Ready-mixQe>ncretehigh pc 














Softwood Plywood per lb 
Steel door, 1 ]51' mineral fiber core 














Mineral Wool Insulation psf 
n/a 
Natural latex rubber product 
59 
Trans· 
incl? Trans note 
Nylon carpet Yes '2.60% 
Oak 
Oil-based paint per lb 
Outside Air Film Layer 






Plaster Board: 4'x8'x1/21tper lb 
Plaster Board: 4'x8'x1/2" unit 
Polycarbonate per lb. 
Polyurethane and Polyisocyanurate 
lnsul.ationper It) 
Polyurethane and Polyisocyanurate 
Insulation psf 
Portland Cement per lb 
Portland Cement per ton 
PVC pipe, 2", per linear foot 
R11 Fit>erglass insulation psf 
R19.Fiberglass insulation psf 
R3~. F=iberglass im,µlation psf 
Ready~mix. Co11crf:ltf:l high pcy 
Ready~rnix Q9119rf:ltf:l.loVJ pcy 
Sandstone 
Saturated felt, roof underlayment, 
15Ib,psf 
Saturated felt, roof underlayment, 
30Ib, psf 
Sheathing, fibf:lrboard 1/211 
Slate 1/2" 
Softwood 




Softwood Plywood pct 
Softwood Plywood per lb 
Stf:lf:ll door, 1.7511rni11erc1.IJiber core . 
Steel door, 1.75" solid polysytrene 
core 
Yes from mill to 
building site 
Expected 
Trans Recyc Svgs Rec Life (in 






Steel door, 1.75" solid urethane foam 
core 
Steel F=rarnir,g P~rlb lb 
Ste~I, c:olcl clrf:l'J\ln 
Steel, from iron and scrap, in basic 
oxygen furn;;ice, per ton 
Steel, from scrap in electric arc 
furnac~. per ton 
Steel, stainless.type :304 .... 
Stucco 
Terrazo 1" 
Vapor-perrneable felt . 
Vapor-seal, plastic film 
Vinyl flooring per lb 
Vinyl flooring psy 
Vinyl, hollowbackedoversheathing 
Water-based paint per lb 
Wood door, 1.3?5" hoUowcore 
Wood door, 1.?§11 solid core 
Vl/e>od. Flooringp~fC:lJl:>ic:fe>e>t cf 
Woocl l>Qingles, ... 1 §ll.?~§11 .. ~,cpe>sure 
Wood shingles, double, 16", 12" 
exposure 
Wood shingles, plus insulated backer 
board, 5/16" 
Wood siding, 1/2x8 bevel, lapped 
Wood siding, 1x8drop 
Wood siding, 3/4x10 bevel, lapped 



























Steel fran,ing per lb .. 
$te(:ll, cold.drawn. 
Steel, from iron and scrap, in basic 
oxygen furnc1ce, per ton 
Steel, from scrap in electric arc 
furnai:e, perton 




yapor~seal, plastic film 
Vinyl flooring perJb 
Vinyl flooring psy 
Vinyl, bQIIQ'vVJ>c1<:~(:lg QY(:lL~b(:lc1tbing ..... . 
W cit(:lr~bciS(:lcj pc1int. p(:lr lb 
WQC>g gC>C>r, L~75n QC>llgvy i:C>r(:l··· 
WC>C>g. gC>C>r, J ,7!5".~oUd i:e>rf:l ..... . 
Woodf I.oC>ring p(:lrg1Jt:>ii: .. fQC>t .. 
Wood shingJf:ls,J611?,5" f:lxposurf:l 
Wood shingles, double, 16", 12" 
:f:lxposure 
Wood shingles, plus insulated backer 
'board, 5/16'' 
Wood. siding, 1 /2x8. bevel,. lappeg 
Wood siding, 1x8 drop 
Wood siding, 3/4x1 O bevel, lapped 









'steel door, 1.75" solid urethane foam 
:core 
'$te~I f=ran,ing per It, 
'Steel,colddraw11 ... 
'Steel, from iron and scrap, in basic 
io>Cyg~nfumace, perton 
Steel, from scrap in electric arc 
flJrni:l9~1 per ton 




Vapor-seal, plastic film 
Vinyl flooring per lb 
Vinyl flooring psy . 
Vinyl, hollow backecl over sheathing : 
Water-based paintper lb 
Wood door, t37511 hollow core 
W oocl. door, 1 :7!:ill se>lid c9r~ 
Wge>cl Fle>9ringp~rclJtli9.f9ot. 
Wo9cl i:;hi11glei:;, 16117,511 exposure 
Wood shingles, double, 16", 12" 
exposlJr~ 
Wood shingles, plus insulated backer 
t>9arcl, !:i/1611 
Wood siding, 1 /2x8 beyel,Ji:ipped 
Wood siding, 1x8drop .. 
Wood siding, 3/4x10 bevel, lapped 





Recyc Svgs Rec Life (in 
$vgs .. Unit % years) 
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